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VIDEO COMPRESSION FOR STORAGE IN AND MATCHING AGAINST AN INDEX

A server device may compare media items to determine whether there is at least a partial
match between the media items. For example, a server device may receive a first media item to
be provided for playback and a policy associated with the first media item from a first user
device associated with an owner of the first media item. In some instances, the policy indicates
that playback of any similar media items via the server device is to be blocked. In some
instances, the policy indicates that the owner of the first media item is to be able to monetize
playback (e.g., via advertisements) of any similar media items via the server device. The server
device may receive a second media item from a second user device to be provided for playback.
The server device may compare the second media item with the first media item to determine
whether there is at least a partial match between the first and second media items. Upon
determining that there is at least a partial match, the server device may enforce the policy (e.g.,
block the second media item, allow the owner of the first media item to monetize the second
media item, etc.).
The server device may provide many media items for playback, where each media item
has a corresponding policy. Upon receiving a new media item to be provided for playback, the
server device may compare the new media item with each of the media items that has a
corresponding policy to determine whether the new media item matches any of the media items
that has a policy. Comparing the new media item to each of the existing media items may take a
long time and may require large amount of resources (e.g., high processor overhead, high power
consumption, and high bandwidth). Previous attempts to speed up the comparison of media items
may have inaccuracies and may still take a long time and a large amount of resources. Providing
new media items for playback prior to being reviewed may cause policies to be violated.
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The above and other deficiencies are addressed by video compression for storage and
matching. A processing device may receive a media item, divide the media item into a plurality
of subsequences, and select a corresponding representative (e.g., a frame, an audio segment, etc.)
for each subsequence of the plurality of subsequences to generate a plurality of representatives.
The processing device may generate a corresponding plurality of representatives for each media
item that has a corresponding policy that is to be enforced. The processing device may store each
corresponding plurality of representatives in an index. For each new media item that is received,
the processing device may divide the new media item into subsequences and select a
representative for each subsequence to generate a corresponding plurality of representatives for
the new media item. The processing device may compare the corresponding plurality of
representatives for the new media item against the index. Upon determining at least a partial
match, the processing device may enforce the corresponding policy. In some instances, the
processing device may determine whether media items match for other purposes other than
enforcing policies.
By comparing a plurality of representatives of corresponding subsequences of a media
item against an index of other pluralities of representatives of corresponding subsequences, the
processing device may compare media items much quicker, more accurately, and with less
resources (e.g., less processor overhead, bandwidth, and power consumption) than previous
solutions.
FIG. 1 depicts a flow diagram for an illustrative example of a method for video
compression for storage and matching. The method in FIG. 1 is an example method from the
perspective of a processing device (e.g., of a server device) that is to compress videos for storage
and for matching. The method may be performed by a processing device that may include
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hardware, software, or a combination of both. In some instances, the method in FIG. 1 refers to
determining a match between a newly uploaded media item and existing media items that have
corresponding policies, but may be applied to any type of matching (e.g., matching to determine
inappropriate content, issues with the content, suitability for including advertisements, etc.). In
some instances, the method in FIG. 1 refers to videos, but may be applied to any type of media
item (e.g., video items, audio items, slideshows, media items with a time element, etc.).
Referring to FIG. 1, the processing device receives a first media item. For example, the
processing device (e.g., associated with a multimedia sharing platform) may receive a first media
item and a corresponding policy from a user device (e.g., associated with an owner of the first
media item). In another example, the processing device may receive a first media item that is
labeled as having a type of content (e.g., inappropriate content, content suitable for
advertisements, etc.). The processing device may receive the first media item and determine that
the processing device is to perform an action (e.g., block, monetize, etc.) other media items that
at least partially match the first media item. In some instances, the first media item is a reference
media item (e.g., a media item against which future media items are to be compared).
Referring to FIG. 1, the processing device divides the first media item into a first
plurality of subsequences (e.g., elements). The elements of the first media item (video sequence)
V may be indexed by I = [0..N). Each element may be a single frame or a short subsequence in
case V is a video. The distance between elements may be measured with the function dist: I, I ->
float.
For the first media item V, the processing device may select a minimum number of
boundaries from [0..N] such that in each subinterval [a..b] of [0..N] with dist(a, b) > w (e.g.,
where w is the fixed window size), there will be at least k selected boundaries in [a..b]. The
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elements X that lie between consecutive boundaries [a..b] are considered to be grouped (e.g., into
corresponding subsequences). The boundaries are to be picked in a way that given a boundary b
in I (of media item V) and the corresponding boundary b’ in I’ (according to the mapping m of
the common elements), the element just before the boundary b in V and element just before the
boundary b’ in V’ should be as similar as possible. The same should hold for the elements just
behind the boundaries b and b’.
The processing device may divide the sequence into smaller intervals until each interval
[a..b] fulfills dist(a, b) < w/k. The processing device may initiate with a full sequence [0..N) and
may repeatedly divide the sequence into two smaller subintervals (e.g., subsequences). In each
iteration, the processing device may select the next largest distance (e.g., that distance is to be
stable against modifications). The dividing of the media item into subsequences may be
represented by the following:
S = { 0, N } // set of selected boundaries
T = { (0, N-1) } // intervals [a,b) to work on
while T is not empty:
take and remove next (a, b) from T
if dist(a,b) > w/k
find index m with a <= m < b such that dist(m, m+1) is maximal
add m+1 to S
add (a, m) and (m+1, b) to T
return S
In some instances, the processing device may use (e.g., instead of using a fixed window
size w) a max_dist function I -> float that describes a maximum size for a group [a,b] in which
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the distance is contained (i.e., dist(a,b) < max_dist(x) for all x in [a,b]). The processing device
may continue dividing intervals into smaller intervals until this property is fulfilled. The value
for max_dist(x) may be picked by analyzing the self-similarity, contrast, and/or density around
the index x in the media item. A value for max_dist may be selected based on a threshold amount
of content that is to be used to look up a media item sequence.
Referring to FIG. 1, the processing device selects a corresponding first representative for
each subsequence of the first plurality of subsequences to generate a first plurality of
representatives. Given the boundaries between the subsequences generated by the processing
device, for each boundary, a representative is to be generated (e.g., calculated, selected, etc.). In
some instances, the representative is an average (e.g., one blurred frame generated based on the
frames in the subsequence). In some instances, the representative is a geometric mean (e.g.,
geometric mean of the frames of the subsequence). In some instances, the representative is a first
or last point in the interval (e.g., first or last frame of the subsequence). In some instances,
original representatives (e.g., first or last frame) may contain noise and the average (e.g., average
of the frames in the subsequence) may remove the noise. In some instances a representative of a
subsequence may be representative frame of a video (e.g., a 100-dimensional vector of floating
point numbers).
To select a representative for a subsequence, the processing device may combine similar
consecutive portions of the media item (e.g., frames, audio segments, etc.). The processing
device may maximize compression (e.g., minimize amount of representatives) while maintaining
at least a minimum number of representatives and at least a minimum amount of content in each
subsequence (e.g., 30 seconds of content, etc.). The processing device may optimize the stability
of the time boundaries of segments (e.g., combined frames) against transformations (e.g., by
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combining frames in the subsequence to generate a representative with reduced noise, etc.).
Referring to FIG. 1, the processing device stores the first plurality of representatives in an
index. The processing device may continue generating a corresponding plurality of
representatives and storing the corresponding plurality of representatives in the index for
additional media items to build an index of reference media items. In some instances, an index of
reference media items may be built for media items that have a corresponding policy to be
enforced. In some instances, an index of reference media items may be built for media items that
have a type of content (e.g., in appropriate content, issues with the content, content that is
suitable for types of advertisements, etc.). An index of reference media items may be built for
media items for which matches with new media items are to be determined.
Referring to FIG. 1, the processing device receives a second media item. In some
instances, the second media item is a new media item (e.g., uploaded by a user device) that is to
be provided for playback by user devices (e.g., via a multimedia sharing platform). In some
instances, the processing device may determine whether the second media item matches any
media items in the index prior to making the second media item available for playback.
In some instances the second media item may include one or more transformations
compared to the first media item. Examples of transformations may include the second media
item being rotated, being mirrored, being resized, including additional features (e.g., a border),
being sped up or slowed down, including noise, etc. For example, a recording via a handheld
device of a video being projected on a screen at a movie theater may differ from the actual video
by having a border, including movements of the handheld device, having additional background
noise, etc. In some instances, the second media item may include portions of the first media item
(e.g., may be a clip of the first media item, may be a montage of clips that includes a portion of
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the first media item, etc.).
Referring to FIG. 1, the processing device divides the second media item into a second
plurality of subsequences (e.g., elements). In some instances, the second media item V’ is a
modification of the first media item V. The elements of the second media item (video sequence)
V’ may be indexed by I ' = [0..N'). Each element may be a single frame or a short subsequence in
case V’ is a video. The distance between elements may be measured with the function dist'.
Possible modifications or edits to the second media item V’ (compared to the first media item V)
may include one or more of: modified distances (e.g., dist'(a, a+1) = dist(a, a+1) + epsilon);
additional properties of an element (e.g., video sequence) (e.g., added just after index a, then
dist'(a, a+2) = dist(a, a+1) + epsilon); or symmetrically removed elements (e.g., removed index
a+1 => dist'(a, a+1) = dist(a, a+2) + epsilon). Epsilon may be any real value near to zero. There
may be a mapping m between the common elements X (i.e. neither added or removed, but
possibly with modified distance) of Ix: m: X -> [0..N').
For the second media item V’, the processing device may select a minimum number of
boundaries from [0..N’] such that in each subinterval [a..b] of [0..N'] with dist(a, b) > w, there
will be at least k selected boundaries in [a..b]. The selection is to be stable between media items
V and V' (e.g., the processing device is to divide the second segment into subsequences in the
same manner that the processing device divided the first segment into subsequences). The
common elements X that lie between the consecutive boundaries [a..b] are considered to be
grouped (e.g., subsequences). The groups formed in V and V' may be substantially the same. The
elements next to a boundary a (i.e., the elements at index a and index a+1) are to be the same
element (according to the mapping m of the common elements).
The processing device may divide the second media item into smaller intervals until each
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interval [a..b] fulfills dist(a, b) < w/k. The processing device may initiate with a full sequence
[0..N’) and may repeatedly divide the sequence into two smaller subintervals. In each iteration,
the processing device may select the next largest distance as that distance is to be stable against
modifications. As described above for the first media item, the dividing of the second media item
into subsequences may also be represented by the following:
S = { 0, N } // set of selected boundaries
T = { (0, N-1) } // intervals [a,b) to work on
while T is not empty:
take and remove next (a, b) from T
if dist(a,b) > w/k
find index m with a <= m < b such that dist(m, m+1) is maximal
add m+1 to S
add (a, m) and (m+1, b) to T
return S
As described above for the first media item, the processing device may use a max_dist
function I -> float, for the second media item, that describes a maximum size for a group [a,b] in
which the distance is contained (i.e., dist(a,b) < max_dist(x) for all x in [a,b]). The processing
device may continue dividing intervals until this property is fulfilled. The value for max_dist(x)
may be picked by analyzing the self-similarity, contrast, and/or density around the index x in the
media item. A value for max_dist may be selected based on a threshold amount of content that is
to be used for matching media items (e.g., looking up a media item sequence in the index).
Referring to FIG. 1, the processing device selects a corresponding second representative
for each subsequence of the second plurality of subsequences to generate a second plurality of
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representatives. The processing device may generate the second plurality of representatives for
the second media item in a similar manner as described above for the first media item. For
example, the processing device may generate the same type of representative (e.g., average,
geometric mean, first point in interval, last point in interval, etc.) for each subsequence in the
second media item as was generated for the first media item (e.g., both a first representative for
the first media item and a second representative for the second media item are an average of a
corresponding subsequence).
Referring to FIG. 1, the processing device compares the second plurality of
representatives against an index. In some instances, the processing device compares the second
plurality of representatives against the index by searching the index for two or more of the subset
of the frames of the second media item. The processing device may search the index for a media
item that contains a threshold number of representatives (e.g., at least two), a threshold number
of representatives in the same order, or a threshold amount of representatives in the same order
and the same distance apart (e.g., same speed) as at least a portion of the second plurality of
representatives of the second media item.
Referring to FIG. 1, the processing device determines at least a partial match between the
second plurality of representatives and the first plurality of representatives. To determine at least
a partial match, the processing device may compare a threshold amount of content between the
media items to achieve high accuracy (e.g., a minimum duration of 30 seconds). To determine at
least a partial match, the processing device may use a minimum number of successfully lookedup representatives (e.g., the processing device may not determine media items match responsive
to only one representative matching,). In some instances, the processing device may determine
whether pairs of representatives (frame-pairs) correlate in time (e.g., the frames appear in the
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same order and at the same speed in the videos). In some instances, the processing device may
determine at least a partial match if the representatives match and are in the same order (e.g., the
speed of the second media item may be modified relative to the first media item).
In some instances, the first and second media items may include content (e.g., a video)
that switches every few second seconds with clean cuts to different views or scenes. The
processing device may determine a match between the first and second media item (e.g., lookup
of a subsequence may succeed) based on a small number of scenes. In some instances, the first
and second media items may include content (e.g., a video) that has no cuts and does not change
scenes (e.g., a video of a news show with one speaker). The processing device may determine a
match between the first and second media items (e.g., lookup may succeed) for a significantly
longer subsequence. In some instances, the processing device may determine a match between
the first and second media items (e.g., lookup may succeed) that include one or more of an
increase of movement (e.g., speed) or amount of content per second for an accordingly shorter
subsequence (e.g., longer subsequences may be used for portions of the media item with low
speed and/or amount of content per second and shorter subsequences may be used for portions
with higher speed and/or amount of content per second).
Upon determining a match, the processing device may cause an action may be taken for
the second media item. For example, the processing device may enforce a policy associated with
the first media item responsive to determining at least a portion of the second media item
matches the first media item.
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ABSTRACT
A method for video compression for storage in and matching against an index is
described. A processing device receives a first media item and divides the first media item into a
first plurality of subsequences. The processing device selects a corresponding first representative
for each subsequence of the first plurality of subsequences to generate a first plurality of
representatives and stores the first plurality of representatives in an index. The processing device
receives a second media item, divides the second media item into a second plurality of
subsequences, and selects a corresponding second representative for each subsequence of the
second plurality of subsequences to generate a second plurality of representatives. The
processing device compares the second plurality of representatives against the index and
determines at least a partial match between the second plurality of representatives and the first
plurality of representatives.

Keywords: video, audio, image, content, media item, compression, storage, matching,
index, reference, compare, transformation, noise, rotation, frames, compare, lookup, subset,
subsequence, divide, representative, distance, modification, mapping, average, median, first, last
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Receive a first media item

Divide the first media item into a first plurality of subsequences

Select a corresponding first representative for each subsequence of the first plurality of
subsequences to generate first plurality of representatives

Store the first plurality of representatives in an index

Receive a second media item

Divide the second media item into a second plurality of subsequences

Select a corresponding second representative for each subsequence of the second plurality of
subsequences to generate a second plurality of representatives
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